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Livestock production is a very relevant source of income and agricultural greenhouse gas
(GHG) emissions in Colombia, Brazil, Argentina, Costa Rica, Uruguay, Mexico, and Peru.
Several management and technological options with enteric methane mitigation potential
have been evaluated and their scaling is anticipated to contribute toward achieving GHG
emission reduction targets in the framework of the Paris Agreement. Yet, widespread
adoption of promising mitigation options remains limited, raising questions as to whether
envisaged emission reduction targets are achievable. Using findings from local studies,
we explore the mitigation potentials of technologies and management practices currently
proposed to mitigate enteric methane emissions from cattle production systems in
the higher emitting countries of Latin America. We then discuss barriers for adopting
innovations that significantly reduce cattle-based enteric methane emissions and the
major shifts in policy and practice that are needed to raise national ambitions in the
high emitting countries. Using the latest science and current thinking, we provide our
perspective on an inclusive approach and re-imagine how the academic, research,
business and public policy sectors can support and incentivize the changes needed to
raise the level of ambition and achieve sustainable development goals (SDG), considering
actions from the farm to the national scale.
Keywords: SDG targets, Paris agreement (COP 21), NDC, Latin America, enteric methane
INTRODUCTION
Cattle production is a pivotal source of income for Latin American countries, where a combination
of large water reserves and vast natural resources create a conducive environment for animal
husbandry. The importance of cattle production in the economic development of Colombia, Brazil,
Argentina, Costa Rica, Uruguay, Mexico, and Peru is unambiguous. For instance, in Uruguay,
about 11.3 million cattle utilize 13.3 million ha (Aguirre, 2018). Consequently, the cattle sector
contributes 6% of national GDP and 28% of agricultural GDP (FAO UNDP, 2017). In Colombia,
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about 26.4 million cattle utilize ∼37 million ha (Federación
Colombiana de Ganaderos (Fedegan), 2018). Additionally, cattle
rearing contributes 1.4% of national GDP and 21.8% of
agricultural GDP. In Costa Rica, the national herd comprises
1.5 million cattle raised on 1.04 million ha and contributes 1.8%
of national GDP and 33% of agricultural GDP (OECD, 2017).
In Argentina, the national herd comprises about 53.9 million
cattle on 110 million ha. It contributes 3.04% of national GDP
(Dirección Nacional de Sanidad Animal- Servicio Nacional de
Sanidad y Calidad Agroalimentaria (DNSA-SENASA), 2019) and
38% of agricultural GDP (OECD, 2018a). In Brazil, the cattle
sector contributes 6.8% of national GDP and 30% of agricultural
GDP from a herd size of 214.8 million cattle raised on 168
million ha (FAOSTAT, 2017). Mexico’s cattle herd of 33.5 million
(Servicio de Información Agroalimentaria y Pesquera (SIAP),
2019), is distributed around half the national territory (197
million ha). It contributes 1.6% of national GDP and 43% of
agricultural GDP (OECD, 2018b). In Peru, about 5.5 million
cattle are raised on 18.7 million ha of land and contribute 3.1%
of national GDP and 34% of agricultural GDP.
Despite its economic importance, the cattle sector is also a
major source of GHG emissions, particularly as enteric methane
TABLE 1 | National areas dedicated to cattle production, GHG emissions and proportion of GHG emissions associated with cattle raising and GHG emission reduction in
seven countries of Latin America.
Country Statistics on the cattle production sector References
Land use
(million ha)
National GHG
emissions
(MtCO2eq)
Proportion of
livestock-source to
national GHG emissions
Emission reduction
target
Colombia 37 236.97 9.6% 20% below business as
usual (BAU) scenario in
2030
IDEAM et al., 2018
Argentina 110.08 364.4 17% Limit increase to 35%
above 2010 levels by 2030
UNFCCC, 2016;
Piquer-Rodríguez et al., 2018;
Secretaría de Ambiente y Desarrollo Sustentable (SGAyDS),
2019
Costa Rica 1.04 11.25 19.4% 25% below 2012 levels in
2030
Chacón Navarro et al., 2015;
Ministerio de Ambiente y Energía, 2015
Brazil 168 1,465.28 19.2% Limit increase to 5% above
2010 levels by 2025
MCTIC, 2016;
UNFCCC, 2016;
ApexBrasil, 2018;
MRE et al., 2019
Uruguay 13.3 32.36 72% 42% below BAU scenario
by 2025
Instituto Nacional de Carnes (INAC), 2017;
Ministerio de Ganadería, Agricultura y Pesca (MGAP), 2019;
Ministerio de Vivienda, Ordenamiento Territorial y Medio
Ambiente (MVOTMA), 2017;
Sistema Nacional de Respuesta al Cambio Climático y
Variabilidad (SNRCC), 2018
Mexico 197 534.61 13.2% 22% below BAU scenario
by 2030
Instituto Nacional de Ecología y Cambio Climático (INECC),
2016;
Servicio de Información Agroalimentaria y Pesquera (SIAP),
2019
Peru 18.7 169.71 6.3% 20% below 2010 levels in
2030
Instituto Nacional de Estadística e Informática (INEI), 2012;
Ministerio del Ambiente (MINAM), 2016;
Grupo de Trabajo Multisectorial de naturaleza temporal
encargado de generar información técnica para orientar la
implementación de las Contribuciones Nacionalmente
Determinadas (GTM-NDC), 2018
emissions (Table 1). Reconciling the goals of benefiting from
business and livelihood opportunities associated with cattle
production while reducing GHG emissions associated with
cattle production is a challenge that regional governments
are grappling with. This is important considering national
commitments in the Paris Agreement of the United Nations
Framework Convention on Climate Change (UNFCCC) and the
Sustainable Development Goals (SDGs). In this paper, we present
our thoughts on whether achieving the desired reductions in
enteric methane emissions is possible, and discuss the barriers
and changes needed to advance toward achieving GHG emission
reduction targets set under the Paris Agreement and potential
contribution to the SDGs.
Previous studies have shown that emission reduction
ambitions submitted under the Paris Agreement would lead to
global GHG emission reductions of 52–58 GtCO2eq yr−1 by
2030. Unfortunately, this level of emission reductions will not
limit global warming to 1.5◦C (IPCC, 2018). Therefore, to raise
the levels of ambition in terms of GHG emission reductions,
more actions need to be considered by all economic sectors,
including the cattle sector. The question then is whether, for
the cattle sector in Latin America, ambition can be raised using
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TABLE 2 | Methane mitigation options tested in seven countries of Latin America.
Country Region Tested mitigation action Potential methane emission reductions References
Colombia Valle del Cauca Silvopasture 23.4% lower methane yields compared to traditional
grazing systems
Molina et al., 2015
Valle del Cauca Improved pasture
management
50.1% lower methane yields than those from degraded
pastures
Gaviria Uribe et al., 2019
Argentina Southeast Buenos
Aires
Improvement of
reproductive efficiency
Estimated methane emissions intensity of growing
weaned calves decreased between 40 and 60% based
on weaning percentages, distribution of calving and
feed quality data
Ricci and Aello, 2018
Southeast Buenos
Aires
Grazing with supplements 26% lower emissions intensity of beef production than
those without supplement
Ricci et al., 2018
Costa Rica Atenas, Costa
Rica
Improved forage quality Steers fed with high quality hay during the summer
months had 30% lower methane yield than those fed
with low quality hay
Montenegro et al., 2016
Brazil Rio Grande do Sul
state
Grazing supplementation
and crop diversification
Beef cattle fed with natural pasture plus cash crop
soybean had 7 and 5% lower emissions intensities
than those fed with natural pastures alone and with low
supplementation, respectively
Pereira et al., 2018
Uruguay Colonia, Uruguay Improved grassland
management
Beef cattle fed with high quality pasture had a 12%
lower methane emission yield than those fed low
quality pasture
Dini et al., 2018
Mexico Yucatan Peninsula Silvopasture Including 40% of Leucaena leucocephala in a low
quality grass diet decreased enteric methane
emissions by 36% in cattle
Piñeiro-Vázquez et al., 2018
Yucatan Peninsula Silvopasture Including 30% of ground pods of Samanea saman
decreased enteric methane emissions from a
low-quality grass-based diet by 51% in cattle
Valencia-Salazar et al., 2018
Peru Central Andes Improvement of forage
quality
Lactating cows fed cultivated pastures during the rainy
season had a 79% lower methane emission intensity
than those on native pastures
Alvarado et al., 2019
current management and technological options. By focusing on
key studies conducted in seven target Latin American countries,
we observed that tested mitigation and technology options might
have the potential to reduce absolute GHG emissions (g per day),
emission yields [g per kg of dry matter intake (DMI)] or emission
intensities [g per kg of live weight (LW) gain] from cattle systems
(Table 2).
Most of the studies shown in Table 2 demonstrate the
possibility of reducing enteric methane emissions through
dietary changes. However, because diet-based absolute enteric
methane emission reductions have only been reported in a
very limited number of studies, more options are likely to be
identified with further research. In the meantime, improved herd
management (e.g., to reduce the number of unproductive cattle)
may be a more immediate approach to raise the level of ambition
(Zhang et al., 2017). In addition, considering that other studies
conducted in the region only report a reduction in emission
intensities (see Table 2), increasing cattle numbers, as is normally
the ambition at both individual farmer and national government
levels, will increase incomes and definitively increase absolute
emissions, unless feed options that can reduce absolute methane
emissions can be identified and adopted at scale.
Numerous studies have evaluated the effects of various feed
additives on methane emissions that might be of benefit to
Latin American cattle producers. The use of plants containing
condensed tannins has been shown to effectively reduce enteric
methane emissions in cattle (e.g., Grainger et al., 2009; Piñeiro-
Vázquez et al., 2018; Stewart et al., 2019), although the effect
is dependent on the plant species used (Beauchemin et al.,
2007) and care must be taken to prevent a reduction in
diet digestibility and therefore animal productivity. However,
offer potential to reduce enteric methane emissions in Latin
American countries. Feeding fat and oils (e.g., Beauchemin and
McGinn, 2006; Grainger and Beauchemin, 2011) offers potential
to reduce enteric methane emissions and methane yields, but
high concentrations of free fat (above about 6% of DMI) can
have a detrimental effect on the rumen microbial population
(Patra, 2013). Plant-derived essential oils have been shown to
reduce methane emissions from ruminant livestock, but their
mode of action is complex and poorly understood (Cobellis et al.,
2016), and cost and availability limit their use. Feeding nitrate
(Veneman et al., 2015) can lead to substantial reductions in
methane emissions but is of limited practical value because of its
potential toxic effects. Two recent novel feed additives, offered
by private companies, are 3-NOP (Bovaer R©, DSM Nutritional
Products) and Mootral R© (Mootral SA, Rolle, Switzerland) and
are also of potential interest. Cattle supplemented with an average
of 1.6 g 3-NOP/d enabled methane emissions reductions of
between 23 and 33% (Kim et al., 2019; Van Wesemael et al.,
2019). Similarly, inclusion of Mootral R© in the diet at a rate of
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3% of DMI showed a methane reduction of between 20 and 38%
(Roque et al., 2019b). Additionally, the use of Asparagopsis spp.,
natural macroalgae used as a diet supplement, has demonstrated
potential to reduce methane emissions; inclusion rates of 0.5%
of DMI in dairy cow diets led to methane emission reductions
of 26.4% without compromising milk yield or feed intake.
Increasing the dietary inclusion rate to 1% of DMI resulted in
reductions of 67.2% methane emissions (Roque et al., 2019a).
Plant breeding has long been used to improve the feeding
value of forage crops and thus increase livestock productivity
(Castor and Vogel, 1999). Until relatively recently, breeding
targets have focused on plant yield and persistency, with
nutritional value being mainly assessed as dry matter digestibility
(Castor and Vogel, 1999). However, in the last 20 years or so
breeding programs have started to consider other nutritional
parameters that aim to reduce the environmental footprint of
livestock production (Kingston-Smith et al., 2012). Tropical
grass breeding is complicated by the apomictic reproduction of
many of the commercially important forage species (Jank et al.,
2011), although apomixis also offers a number of advantages for
crop improvement (Miles, 2007). The use of improved forage
species can contribute to a reduction in the environmental
footprint of cattle production (Soteriades et al., 2018), but the
development of forage species that can contribute to reduced
emissions intensities does not automatically lead to their uptake
by cattle producers.
Mitigation options such as the use of feed additives and
improved forage germplasm offer an interesting way to reduce
enteric methane emissions. Known responses allow for the
inclusion of feed-based mitigation actions in national GHG
inventories and also for setting up systems for monitoring,
reporting and verifying (MRV) emission reductions. The national
GHG inventories and MRV systems make it possible to
connect mitigation actions with the quantification of progress in
policy implementation.
SCALING CHALLENGES
Despite the availability of promising mitigation options (such
as silvopastoral systems, improved pastures and feed additives)
for the cattle sector in Latin America, their adoption by
farmers is still limited by multiple factors (Ruiz et al., 2016;
Bravo et al., 2018; Charry et al., 2018; Enciso et al., 2018).
To achieve the required scale there is a need to ensure
that farmers have access to inputs, capital and information.
Formal grass and legume seed sale systems are underdeveloped
in most Latin American countries limiting the purchase of
planting material or the number of varieties available. Since
the establishment of more sustainable technologies (i.e., silvo-
pastoral systems) involves high initial costs, under capital scarce
conditions formal credit systems become essential. However,
in most Latin American countries, no specific credit options
exist for such purposes, leaving many (and especially small-
and medium-scale) producers with scarce financial resources
and without opportunities for implementing mitigation options.
A differentiation of meat and milk products derived from
environmentally friendly production systems (e.g., Charry et al.,
2019) or payments for ecosystem services could help in sourcing
capital for investing in mitigation options, but efforts in that
direction are still scarce and have yet to be proven as applicable
at a large scale. Although the scientific community is generating
valuable information on different mitigation options, it is not
guaranteed that this information reaches the final users (cattle
producers), especially if it is not being disseminated in a
way that it is understandable to them. In addition, extension
systems are weakly developed and technical assistance is scarce,
coordination is usually weak among the service providers and
different concepts of mitigation options being disseminated
might confuse the policy makers, extension officers, and farmers.
Currently, technical assistance often stops after selling an
input (e.g., seeds) and does not include (post-) establishment
support, leading in many cases to a wrong application of
promising alternatives, negative experiences, disappointment,
and a negative image of the technologies within and beyond
farming communities.
In addition, new regulations aimed at formalizing the
livestock sector (e.g., Decree 1500/2007 in Colombia; Díaz and
Burkart, 2019) may be counterproductive (e.g., in Colombia,
formal slaughtering facilities were shut down without providing
alternatives, resulting in clandestine slaughtering), and can
make mitigation options less attractive to producers since in
an informal value chain few incentives exist to differentiate
products and implement on-farm improvements. When looking
at cultural and behavioral factors, many livestock producers
in Latin America prefer traditional over more technical and
sustainable production systems for reasons of simplicity and risk
aversion. In order to overcome this barrier and to find entry
points with those producers, the dissemination of information on
the economic, social, and environmental benefits of mitigation
options becomes even more critical. For both the dissemination
of information and policy formulation, it is likewise important
to understand how livestock producers make decisions, i.e.,
regarding the adoption of technologies and mitigation strategies,
and how their decision-making process is influenced by e.g.,
trust (in the information provided or in its sources), risks, social
networks and socio-cultural contexts. Although this is a growing
field of research with interesting approaches (e.g., Robert et al.,
2016; Singh et al., 2016), evidence has so farmainly been provided
for agricultural (e.g., Stuart et al., 2014; de Sousa et al., 2018;
Azadi et al., 2019; Gatto et al., 2019) and non-bovine livestock
production (e.g., Jones et al., 2013; Ambrosius et al., 2019;
Hidano et al., 2019), and only to a limited extent for (bovine)
livestock production in Latin American countries (e.g., Martínez-
García et al., 2013; Rossi Borges and Oude Lansink, 2016). This
indicates a knowledge gap which needs to be addressed in order
to assure a more widespread adoption of mitigation strategies.
This brief description of scaling challenges suggests that even
when the right management and technological options have been
identified, there is a need to explore new and holistic mechanisms
for effective communication and adoption at system level for
achieving impact at a larger scale. Policymakers, in that regard,
should aim to enact policies adapted to the underlying farmer
decision-making context.
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As described in the previous section, besides silvopastoral and
improved pasture systems and management, other technologies
such as feed additives can help to reduce methane emissions
in livestock production. Although they seem to be promising
alternatives for effectively reducing methane emissions, their
suitability needs to be evaluated for the Latin American context
(especially for open grazing systems). In beef-cattle grazing
systems, it might be difficult to apply the required doses to
animals in the field and ensure proper intake of the active
compounds, since the animals move around freely while they
are not being kept indoors. In dual-purpose and intensified
milk production systems, the application seems to be easier.
At a first glance, feed additives seem to be a less costly
mitigation option than the implementation of e.g., silvopastoral
systems but detailed cost-benefit analyses for the Latin American
context, comparing feed additives with other mitigation options,
would be needed for providing clear information for decision-
making at the farm level. Measuring, reporting and verifying
the reduction of enteric methane emissions and the definition
of payments for ecosystem services is likely to be easier (i.e.,
imputation of methane emission reduction by effective intake
of the additive) when using feed additives in a determined
quantity, than under grazing conditions in a silvopastoral or
improved pasture system where the animals move around
freely and have different forage consumption patterns and
preferences. This makes feed additives an interesting additional
mitigation option that should be considered in future studies,
as well as in the implementation of projects and public
policies related to GHG mitigation in the Latin American
livestock sector.
TARGETED POLICIES
Latin America has a significant opportunity to accelerate the
transformation of its cattle sector through a wide implementation
of novel technological options, such as the use of alternative feed
options (Chirinda et al., 2017). However, such options require the
decisive actions and support of governments at local and national
levels and the engagement of both the private sector and all key
local institutions (Serna et al., 2017). Currently, there are limited
farm level climate change mitigation actions as farmers, as well
as policy makers, have to manage potential trade-offs between
climate change mitigation and socio-economic costs such as
decreased food availability (Havlík et al., 2014). We contend
that systemic and coordinated immediate science-based actions
will contribute to the achievement of climate change goals. In
addition, there is a need for robust and effective policies targeting
both the demand and supply-side of cattle value chains (Scherer
and Verburg, 2017).
Although policies are key (e.g., national low carbon
development plans and Nationally Appropriate Mitigation
Actions), cattle producers need to play their part to transform
the sector into an active contributor of GHG emissions reduction
in the region. By combining policies that facilitate short-term
efficiency gains with solution-oriented mindsets amongst
researchers, livestock stakeholders and farmers, we may be able
to leverage significant changes for the Latin American cattle
sector. Challenges remain regarding widespread adoption of
proven technologies due to barriers to implementation such
as cultural issues, access to finance, lack of private investment,
and traditional mind-sets that are often misaligned to current
realities. There is an important opportunity to bring behavioral
and social sciences to work together in addressing such challenges
in order to acquire an in-depth understanding of crucial factors
that prevent the adoption of low emissions technologies (e.g.,
Jones et al., 2013; Martínez-García et al., 2013; Stuart et al., 2014;
Rossi Borges and Oude Lansink, 2016; de Sousa et al., 2018;
Azadi et al., 2019; Gatto et al., 2019).
Clear public policies focused on GHG mitigation in cattle
production systems are pivotal for the success of national
mitigation actions. It may be possible to enforce several
mitigation actions at the farm level, but public or private farmer
support services are crucial for supporting the implementation
of new technologies. Moreover, acknowledging that countries are
committed to contribute to the Paris Agreement and the SDGs
is crucial (Kanter et al., 2016). A sustainable cattle production
would contribute to various SDGs such as: (i) Climate Action
(SDG 13) limiting GHG emissions; (ii) Life on Land (SDG 15)
reducing deforestation, and (iii) Zero Hunger (SDG 2) through
the increase in productivity and income of cattle producers.
However, as indicated above, an increase in cattle production
through increased animal numbers would result in increased
absolutemethane emissions unless efficiency of production is also
increased. Policy development, therefore, must take into account
ways of improving cattle productivity that lead to reduced
emissions intensities, for example using better diets to increase
growth rates and increase stocking densities to allow less land to
be used for a certain level of productivity. Better fed animals are
faster growing, healthier, and produce lower GHG emissions per
kg of beef or milk produced.
KNOWLEDGE AND EXPERIENCE SHARING
To achieve the set ambitions, existing knowledge, experiences,
and expertise should be continuously harnessed to build technical
and research capacities in the region. Concurrently, to reduce
experimental costs, there is a need to promote south-south
knowledge exchange as well as sharing of analytical infrastructure
(Rosenstock et al., 2016). This, together with increased research
and development funding, will ensure that more promising
options for reducing enteric methane are discovered, identified,
tested and promoted (Gerber et al., 2013). This is important
as it appears that both a lack of understanding of technical
and management options to reduce GHG emissions, scaling
mechanisms and financing are challenges that generally limit
progress toward ambitious climate change mitigation targets
(Brown et al., 2008). Yet, through knowledge and experience
sharing, countries can learn from each other and thus jointly
progress. Such exchanges should also include lessons learned
and experiences that could provide insights on institutional
mechanisms that can enable change at different scales and by
different stakeholders.
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CONCLUDING REMARKS
Considering cattle only as a large source of GHG emissions
would be an incomplete assessment. Their contribution to food
production and rural economies are just two of the other
dimensions that need to be considered. However, it is also
undeniable that cattle is a major contributor to GHG emissions
from the AFOLU sector for most Latin American countries and
it would be practically impossible to achieve national emission
reduction targets without considering significant reductions
from the cattle sector of Latin America. A range of technologies
and agronomic practices exist to improve farm level efficiency. A
real challenge is to increase productivity without also increasing
methane emissions. From our perspective, achieving the desired
reductions in enteric methane emissions is feasible but there is a
need to consider a set of high leverage actions to increase access
and adoption of novel technological options and incentivize
behavioral change.
DATA AVAILABILITY STATEMENT
All datasets generated for this study are included in the
article/supplementary material.
AUTHOR CONTRIBUTIONS
JA was responsible for guiding the entire process of drafting and
analyzing national goals, as well as completing the next steps of
research in the area of GHG mitigation in livestock production.
AR was in charge of collecting information sent from all
countries, summarizing, analyzing, and ordering it in the paper,
as well as collaborating in the search for additional information.
AL and DM-B were in charge of guiding the meaning that the
perspective paper would have from the political-administrative
point of view. JK-V, PR, CG, WO, MC, AB, and CT were
the researchers in charge of collecting information on livestock
production, greenhouse gas emissions, mitigation goals, and
mitigation strategies of the countries of Mexico, Argentina, Peru,
Uruguay, Costa Rica, Brazil, and Colombia, respectively. SB was
responsible for carrying out the socioeconomic analysis and
contributing to the perspectives that GHG mitigation research
should have in Latin America. JM was responsible for giving a
logical order to the brief, as well as providing tools for presenting
the results of the review. NC was responsible for consolidating
national mitigation objectives in all countries and generating a
logical order in presenting the results of the review.
FUNDING
This work was implemented as part of the CGIAR Research
Program on Climate Change, Agriculture and Food Security
(CCAFS), which is carried out with support from CGIAR
Fund Donors and through bilateral funding agreements. For
details please visit https://ccafs.cgiar.org/donors. The views
expressed in this document cannot be taken to reflect the
official opinions of these organisations. In addition, this work
was also done as part of the Livestock CRP. We gratefully
acknowledge funding from Biotechnology and Biological
Sciences Research Council project grants UK—CIAT Joint
Centre on Forage Grasses for Africa (BBS/OS/NW/000009),
RCUK-CIAT Newton Fund—Towards climate-smart forage-
based diets for Colombian livestock (BB/R021856/1), and
Advancing sustainable forage-based livestock production
systems in Colombia (CoForLife) (BB/S01893X/1) and the
UK Research and Innovation (UKRI) Global Challenges
Research Fund (GCRF) GROW Colombia grant via the UK’s
BBSRC (BB/P028098/1).
ACKNOWLEDGMENTS
We thank all donors that globally support the work of the CRP
programs through their contributions to the CGIAR system. We
openly thank Karla Sanabria for her collaboration with literature
review during her internship at CCAFS.
REFERENCES
Aguirre, E. (2018). “Evolución reciente de la productividad ganadera en Uruguay
(2010-17). Metodología y primeros resultados,” in Anuario OYPA 2018
(Montevideo: Ministerio de Ganadería, Agricultura y Pesca (MGAP)), 457–70.
Available at: http://www.mgap.gub.uy/sites/default/files/34_anuario_2018_-_
evolucion_productividad_ganadera.pdf (accessed November 7, 2019).
Alvarado, V. I., Medrano, J. L., Haro, J. A., Castro, J., Dickhoefer, U., and Gómez,
C. A. (2019). “Methane emission from dairy cows in cultivated and native
pastures in High Andes of Peru,” in 7th International Greenhouse Gas and
Animal Agriculture Conference (Foz do Iguaçu).
Ambrosius, F. H. W., Hofstede, G. J., Bokkers, E. A. M., Bock, B. B., and Beulens,
A. J. M. (2019). The social influence of investment decisions: a game about the
Dutch pork sector. Livestock Sci. 220, 111–122. doi: 10.1016/j.livsci.2018.12.018
ApexBrasil (2018). Brazil’s Contribution to the Challenge of Sustainable Global
Supply. Available online at: http://www.apexbrasil.com.br/uploads/FS-04-
PxP2A_22May18.pdf (accessed November 7, 2019).
Azadi, Y., Yazdanpanah, M., and Mahmoudi, H. (2019). Understanding
smallholder farmers’ adaptation behaviors through climate change beliefs, risk
perception, trust, and psychological distance: evidence from wheat growers in
Iran. J. Environ. Manage. 250:109456. doi: 10.1016/j.jenvman.2019.109456
Beauchemin, K. A., and McGinn, S. M. (2006). Effects of various feed additives
on the methane emissions from beef cattle. Int. Congress Ser. 1293, 152–155.
doi: 10.1016/j.ics.2006.01.042
Beauchemin, K. A., McGinn, S. M., Martinez, T. F., and McAllister, T. A. (2007).
Use of condensed tannin extract from quebracho trees to reduce methane
emissions from cattle. J. Anim. Sci. 85, 1990–1996. doi: 10.2527/jas.2006-686
Bravo, A., Enciso, K., Hurtado, J. J., del Cairo, J. R., Jäger, M., Charry, A.,
et al. (2018). Estrategia sectorial de la cadena de ganadería doble propósito en
Guaviare, con enfoque agroambiental y cero deforestación. Publicación CIAT
No. 453. Cali: Centro Internacional de Agricultura Tropical (CIAT). Available
online at: https://hdl.handle.net/10568/91289 (accessed November 14, 2019).
Brown, M. A., Chandler, J., Lapsa, M. V., and Sovacool, B. K. (2008). Carbon Lock-
in: Barriers to Deploying Climate Change Mitigation Technologies. U. S. C. C. T.
Program. Oak Ridge, TN: Oak Ridge National Laboratory.
Castor, M. D., and Vogel, K. P. (1999). Accomplishments and impact from
breeding for increased forage nutritional value. Crop Sci. 39, 12–20.
doi: 10.2135/cropsci1999.0011183X003900010003x
Frontiers in Sustainable Food Systems | www.frontiersin.org 6 May 2020 | Volume 4 | Article 65
Arango et al. Livestock Sector of Latin America
Chacón Navarro, M., Reyes Rivero, C., and Segura Guzmán, J. (2015). Estrategia
para la ganadería baja en carbono en Costa Rica. Informe final, estrategia
y plan de acción. Available online at: http://www.mag.go.cr/bibliotecavirtual/
L01-11006.pdf (accessed November 14, 2019).
Charry, A., Jäger, M., Enciso, K., Romero, M., Sierra, L., Quintero, M., et al.
(2018). Cadenas de valor con enfoque ambiental y cero deforestación en la
Amazonía colombiana – Oportunidades y retos para el mejoramiento sostenible
de la competitividad regional. CIAT Políticas en Síntesis No. 41. Cali: Centro
Internacional de Agricultura Tropical (CIAT), 10. Available online at: https://
hdl.handle.net/10568/97203 (accessed November 13, 2019).
Charry, A., Narjes, M., Enciso, K., Peters, M., and Burkart, S. (2019).
Sustainable intensification of beef production in Colombia - chances
for product differentiation and price premiums. Agric. Food Econ. 7:22.
doi: 10.1186/s40100-019-0143-7
Chirinda, N., Arenas, L., Loaiza, S., Trujillo, C., Katto, M., Chaparro, P.,
et al. (2017). Novel technological and management options for accelerating
transformational changes in rice and livestock systems. Sustainability 9:1891.
doi: 10.3390/su9111891
Cobellis, G., Trabalza-Marinuccia, M., and Yu, Z. (2016). Critical evaluation of
essential oils as rumen modifiers in ruminant nutrition: a review. Sci. Total
Environ. 545–546, 556–568. doi: 10.1016/j.scitotenv.2015.12.103
de Sousa, K., Casanoves, F., Sellare, J., Ospina, A., Suchini, J. G., Aguilar, A.,
et al. (2018). How climate awareness influences farmers’ adaptation decisions in
Central America? J. Rural Stud. 64, 11–19. doi: 10.1016/j.jrurstud.2018.09.018
Díaz, M. F., and Burkart, S. (2019). Evolution of Public Policies Related to the
Cattle and Dairy Sector in Colombia: Tension between Tradition andModernity.
CIAT Policy Brief No. 42. Cali: International Center for Tropical Agriculture
(CIAT), 6. Available online at: https://hdl.handle.net/10568/100672 (accessed
November 10, 2019).
Dini, Y., Gere, J. I., Cajarville, C., and Ciganda, V. (2018). Using highly nutritious
pastures to mitigate enteric methane emissions from cattle grazing systems in
South America. Anim. Product. Sci. 58, 2329–2334. doi: 10.1071/AN16803
Dirección Nacional de Sanidad Animal- Servicio Nacional de Sanidad y Calidad
Agroalimentaria (DNSA-SENASA) (2019). Distribución de Existencias Bovinas
por Categoría - Marzo 2019. Argentina. Available online at: http://www.abc-
consorcio.com.ar/Estadisticas/detalle/283/existencias_de_bovinos_estables_a_
marzo_de_2019.html (accessed November 14, 2019).
Enciso, K., Bravo, A., Charry, A., Rosas, G., Jäger, M., Hurtado, J. J., et al. (2018).
Estrategia sectorial de la cadena de ganadería doble propósito en Caquetá, con
enfoque agroambiental y cero deforestación. Publicación CIAT No. 454. Cali:
Centro Internacional de Agricultura Tropical (CIAT), 125. Available online
at: https://hdl.handle.net/10568/91981 (accessed October 21, 2019).
FAO and UNDP (2017). Integrating Agriculture in National Adaptation Plans:
Uruguay Case Study. Rome. Available online at: www.fao.org/in-action/naps
(accessed September 18, 2019).
FAOSTAT (2017). Commodities by Country. Available online at: http://www.fao.
org/faostat/en/#rankings/commodities_by_country (accessed November 14,
2019).
Federación Colombiana de Ganaderos (Fedegan) (2018). Cifras de referencia del
sector ganadero colombiano. Available online at: https://www.fedegan.org.co/
estadisticas/ (accessed November 14, 2019).
Gatto, P., Mozzato, D., and Defrancesco, E. (2019). Analysing the role of
factors affecting farmers’ decisions to continue with agri-environmental
schemes from a temporal perspective. Environ. Sci. Policy 92, 237–244.
doi: 10.1016/j.envsci.2018.12.001
Gaviria Uribe, X., Bolívar Vergara, D. M., Chirinda, N., Arango, J., Barahona
Rosales, R. (2019). “Enteric methane emissions of zebu steers fed with tropical
forages of contrasting nutritional value,” in TropenTag 2019, September 18-20
2018, Kassel: International Center for Tropical Agriculture (CIAT), 1. Available
online at: https://hdl.handle.net/10568/103643 (accessed August 25, 2019).
Gerber, P. J., Steinfeld, H., Henderson, B., Mottet, A., Opio, C., Dijkman, J.,
et al. (2013). Tackling Climate Change through Livestock – A Global Assessment
of Emissions and Mitigation Opportunities. Rome: Food and Agriculture
Organization of the United Nations (FAO), 96.
Grainger, C., and Beauchemin, K. A. (2011) Can enteric methane emissions
from ruminants be lowered without lowering their production? Anim.
Feed Sci. Technol. 166–167, 308–320. doi: 10.1016/j.anifeedsci.2011.
04.021
Grainger, C., Clarke, T., Auldist, M. J., Beauchemin, K. A., McGinn, S. M.,
Waghorn, G. C., et al. (2009). Potential use of Acacia mearnsii condensed
tannins to reducemethane emissions and nitrogen excretion from grazing dairy
cows. Can. J. Anim. Sci. 89, 241–251. doi: 10.4141/CJAS08110
Grupo de Trabajo Multisectorial de naturaleza temporal encargado de generar
información técnica para orientar la implementación de las Contribuciones
Nacionalmente Determinadas (GTM-NDC) (2018). Informe Final. Lima:
GTM-NDC. Available online at: http://www.minam.gob.pe/cambioclimatico/
wp-content/uploads/sites/127/2019/01/190107_Informe-final-GTM-NDC_
v17dic18.pdfPA%C3%91OL.pdf (accessed November 14, 2019).
Havlík, P., Valin, H., Herrero, M., Obersteiner, M., Schmid, E., Rufinno, M. C.,
et al. (2014). Climate change mitigation through livestock system transitions.
Proc. Natl. Acad. Sci. U.S.A. 111, 3709–3714. doi: 10.1073/pnas.1308044111
Hidano, A., Gates, M. C., and Enticott, G. (2019). Farmers’ decision
making on livestock trading practices: cowshed culture and behavioral
triggers amongst New Zealand Dairy Farmers. Front. Vet. Sci. 7:130.
doi: 10.3389/fvets.2019.00320/full
IDEAM, PNUD, MADS, DNP, and CANCILLERÍA (2018). Segundo Informe
Bienal de Actualización de Colombia a la Convención Marco de las Naciones
Unidas para el Cambio Climático (CMNUCC). Bogotá, DC: IDEAM, PNUD,
MADS, DNP, CANCILLERÍA, FMAM. Available online at: http://www.ideam.
gov.co/documents/24277/77448440/PNUD-IDEAM_2RBA.pdf/ff1af137-
2149-4516-9923-6423ee4d4b54 (accessed August 20, 2019).
Instituto Nacional de Carnes (INAC) (2017). Uruguay Beef & Lamb. Uruguay:
From Nature to Table. Available online at: https://uruguayanmeats.uy/news/
uruguay-from-nature-to-table (accessed November 14, 2019).
Instituto Nacional de Ecología y Cambio Climático (INECC) (2016). Inventario
Nacional de Emisiones y Compuestos de Gases de Efecto Invernadero.
Coordinación General de Cambio Climático y Desarrollo Bajo en Carbono, 39.
Instituto Nacional de Estadística e Informática (INEI) (2012). IV Censo Nacional
Agropecuario – 2012.
IPCC (2018). An IPCC Special Report on the Impacts of Global Warming of
1.5◦C Above Pre-industrial Levels and Related Global Greenhouse Gas Emission
Pathways, in the Context of Strengthening the Global Response to the Threat
of Climate Change, Sustainable Development, and Efforts to Eradicate Poverty,
eds V. Masson-Delmotte, P. Zhai, H.-O. Pörtner, D. Roberts, J. Skea, P. R.
Shukla, A. Pirani, W. Moufouma-Okia, C. Péan, R. Pidcock, S. Connors, J. B. R.
Matthews, Y. Chen, X. Zhou, M. I. Gomis, E. Lonnoy, T. Maycock, M. Tignor,
and T. Waterfield (Geneva: World Meteorological Organization).
Jank, L., Valle, C. B., and Resende, R. M. S. (2011). Breeding tropical forages.
Crop Breed. Appl. Biotechnol. S1, 27–34. doi: 10.1590/S1984-703320110005
00005
Jones, A. K., Jones, D. L., Edwards-Jones, G., and Cross, P. (2013). Informing
decision making in agricultural greenhouse gas mitigation policy: a Best–Worst
Scaling survey of expert and farmer opinion in the sheep industry. Environ. Sci.
Policy 29, 46–56. doi: 10.1016/j.envsci.2013.02.003
Kanter, D. R., Schwoob, M. H., Baethgen, W. E., Bervejillo, J. E., Carriquiry,
M., Dobermann, A., et al. (2016). Translating the Sustainable Development
Goals into action: a participatory backcasting approach for developing
national agricultural transformation pathways. Global Food Security 10, 71–79.
doi: 10.1016/j.gfs.2016.08.002
Kim, S. H., Lee, C., Pechtl, H. A., Hettick, J. M., Campler, M. R., Pairis-Garcia, M.
D., et al. (2019). Effects of 3-nitrooxypropanol on enteric methane production,
rumen fermentation, and feeding behavior in beef cattle fed a high forage or
high grain diet. J. Anim. Sci. 97, 2687–2699. doi: 10.1093/jas/skz140
Kingston-Smith, A. H., Marshall, A. H., and Moorby, J. M. (2012). Breeding
for genetic improvement of forage plants in relation to increasing animal
production with reduced environmental footprint. Animal 7, 79–88.
doi: 10.1017/S1751731112000961
Martínez-García, C. G., Dorward, P., and Rehman, T. (2013). Factors
influencing adoption of improved grassland management by small-scale
dairy farmers in central Mexico and the implications for future research on
smallholder adoption in developing countries. Livestock Sci. 152, 228–238.
doi: 10.1016/j.livsci.2012.10.007
MCTIC (2016). Annual Estimates of Greenhouse Gas Emissions in Brazil. Available
online at: http://www.mctic.gov.br/mctic/export/sites/institucional/arquivos/
ASCOM_PUBLICACOES/estimativa_de_gases.pdf (accessed September 8,
2019).
Frontiers in Sustainable Food Systems | www.frontiersin.org 7 May 2020 | Volume 4 | Article 65
Arango et al. Livestock Sector of Latin America
Miles, J. W. (2007). Apomixis for cultivar development in tropical forage grasses.
Crop Sci. 47, S238–S249. doi: 10.2135/cropsci2007.04.0016IPBS
Ministerio de Ambiente y Energía, and Instituto Meteorológico Nacional
(MINAE). (2015). Inventario nacional de gases de efecto invernadero y
absorción de carbono, 2012. Available online at: https://unfccc.int/files/
national_reports/non-annex_i_parties/biennial_update_reports/application/
pdf/ghg_inventory_report.pdf (accessed September 5, 2019).
Ministerio de Ganadería, Agricultura y Pesca (MGAP) (2019). Anuario
Estadístico Agropecuario 2019. Available online at: http://www.mgap.gub.
uy/unidad-organizativa/oficina-de-programacion-y-politicas-agropecuarias/
publicaciones/anuarios-diea (accessed September 15, 2019).
Ministerio de Vivienda, Ordenamiento Territorial yMedio Ambiente (MVOTMA)
(2017). Segundo informe bienal de actualización a la conferencia de las partes en
la convención marco de las naciones unidas sobre el cambio climático. Available
online at: http://euroclimaplus.org/intranet/_documentos/repositorio/
02%20Bienal%20de%20Uruguay%20ante%20la%20Convenci%C3%B3n
%20Marco%20sobre%20Cambio%20Clim%C3%A1tico_2017.pdf (accessed
September 3, 2019).
Ministerio del Ambiente (MINAM) (2016). Inventario Nacional de Gases de Efecto
Invernadero con año base 2012.
Molina, I. C., Donney’s, G., Montoya, S., Rivera, J. E., Villegas, G., Chará, J., et al.
(2015). La inclusión de Leucaena leucocephala reduce la producción de metano
de terneras Lucerna alimentadas con Cynodon plectostachyus y Megathyrsus
maximus. Livestock Res. Rural Dev. 27, 1–8. Available online at: http://www.
lrrd.org/lrrd27/5/moli27096.html
Montenegro, J., Barrantes, E., and DiLorenzo, N. (2016). Methane emissions by
beef cattle consuming hay of varying quality in the dry forest ecosystem of Costa
Rica. Livestock Sci. 193, 45–50. doi: 10.1016/j.livsci.2016.09.008
MRE, MCTIC, MMA, MAPA, MME, Embrapa, ABC, and ME (2019). Brazil’s
Third Biennial Update Report to the United Nations Framework Convention
on Climate Change. Available online at: https://unfccc.int/sites/default/files/
resource/2018-02-28_BRA-BUR3_ENG_FINAL.pdf (accessed September 3,
2019).
OECD (2017). Agricultural Policies in Costa Rica. Paris: OECD Publishing.
doi: 10.1787/9789264269125-en
OECD (2018a). Agricultural Policies in Argentina. Paris: OECD
Publishing. Available online at: http://www.oecd.org/officialdocuments/
publicdisplaydocumentpdf/?cote=TAD/CA(2018)9/FINAL&docLanguage=En
(accessed September 4, 2019).
OECD (2018b). Working Party on Agricultural Policies and Markets. Agricultural
Policy Monitoring and Evaluation 2018 Part II. Developments in Agricultural
Policy and Support by Country. Available online at: http://www.oecd.
org/officialdocuments/publicdisplaydocumentpdf/?cote=TAD/CA/APM/
WP(2018)9/FINAL&docLanguage=En (accessed September 2, 2019).
Patra, A. K. (2013). The effect of dietary fats on methane emissions, and its other
effects on digestibility, rumen fermentation and lactation performance in cattle:
a meta-analysis. Livestock Sci. 155, 244–254. doi: 10.1016/j.livsci.2013.05.023
Pereira, C. H., Patino, H. O., Hoshide, A. K., Abreu, D. C., Rotz, C. A.,
and Nabinger, C. (2018). Grazing supplementation and crop diversification
benefits for southern Brazil beef: a case study. Agric. Syst. 162, 1–9.
doi: 10.1016/j.agsy.2018.01.009
Piñeiro-Vázquez, A. T., Canul-Solís, J. R., Jiménez-Ferrer, G. O., Alayón-
Gamboa, J. A., Chay-Canul, A. J., Ayala-Burgos, A. J., et al. (2018). Effect
of condensed tannins of Leucaena leucocephala on rumen fermentation,
methane production and population of rumen protozoa in heifers fed low-
quality forage. Asian Aust. J. Anim. Sci. 31, 1738–1746. doi: 10.5713/ajas.
17.0192
Piquer-Rodríguez, M., Baumann, M., Butsic, V., Gasparri, H. I., Gavier-Pizarro,
G., Volante, J. N., et al. (2018). The potential impact of economic policies
on future land-use conversions in Argentina. Land Use Policy 79, 57–67.
doi: 10.1016/j.landusepol.2018.07.039
Ricci, P., and Aello, M. S. (2018). Potencial de reducción de emisiones de metano
en un sistema de producción de carne pastoril de ciclo completo del Sudeste
Bonaerense. En: Producción bovinos para carne (2013–2017) - Programa
Nacional de Producción Animal. Ediciones INTA, Publicación Técnica n◦
109, 31–35.
Ricci, P., Testa, M. L., Alonso-Ramos, S., Maglietti, C. S., Pavan, E., Juliarena, P.,
et al. (2018). “Reducción de la intensidad de emisiones demetano en respuesta a
la suplementación energética en pastoreo,” in Revista Argentina de Producción
Animal. Vol. 38, 341. Available online at: http://ppct.caicyt.gov.ar/index.php/
rapa/article/view/13936/45454575758846
Robert, M., Dury, J., Thomas, A., Therond, O., Sekhar, M., Badiger, S., et al.
(2016). CMFDM: a methodology to guide the design of a conceptual
model of farmers’ decision-making processes. Agric. Syst. 148, 86–94.
doi: 10.1016/j.agsy.2016.07.010
Roque, B. M., Salwen, J. K., Kinley, R., and Kebreab, E. (2019a). Inclusion
of Asparagopsis armata in lactating dairy cows’ diet reduces enteric
methane emission by over 50 percent. J. Clean. Product. 234, 132–138.
doi: 10.1016/j.jclepro.2019.06.193
Roque, B. M., Van Lingen, H. J., Vrancken, H., and Kebreab, E. (2019b).
Effect of Mootral —a garlic- and citrus-extract-based feed additive— on
enteric methane emissions in feedlot cattle. Transl. Anim. Sci. 3, 1383–1388.
doi: 10.1093/tas/txz133
Rosenstock, T. S., Sander, B. O., Butterbach-Bahl, K., Rufino, M. C., Hickman, J.,
Stirling, C., et al. (2016). “Introduction to the SAMPLES approach,” inMethods
for Measuring Greenhouse Gas Balances and Evaluating Mitigation Options in
Smallholder Agriculture, eds T. S. Rosenstock, M. Rufino, K. Butterbach-Bahl,
L. Wollenberg, and M. Richards (Cham: Springer), 1–13. doi 10.1007/978-3-
319-29794-1_1
Rossi Borges, J. A., and Oude Lansink, A. G. J. M. (2016). Identifying
psychological factors that determine cattle farmers’ intention to use improved
natural grassland. J. Environ. Psychol. 45, 89–96. doi: 10.1016/j.jenvp.2015.
12.001
Ruiz, L. R., Burkart, S., Muñoz Quiceno, J. J., Enciso, K., Gutierrez Solis, J.
F., Charry, A., et al. (2016). “Inhibiting factors and promotion strategies
for increasing adoption levels of improved forages in cattle production,” in
Tropentag 2016 “Solidarity in a Competing World Fair Use of Resources"
September 18–21, 2016 (Vienna: Centro Internacional de Agricultura Tropical
(CIAT)), 1. Available online at: https://hdl.handle.net/10568/77030 (accessed
August 28, 2019).
Scherer, L., and Verburg, P. H. (2017). Mapping and linking supply- and demand-
side measures in climate-smart agriculture. a review.Agron. Sustain. Dev. 37:66.
doi: 10.1007/s13593-017-0475-1
Secretaría de Ambiente y Desarrollo Sustentable (SGAyDS) (2019). Informe
Nacional de Inventario del Tercer Informe Bienal de Actualización de la
República Argentina a la Convención Marco de las Naciones Unidas para el
Cambio Climático (CMNUCC).
Serna, L., Escobar, D., Tapasco, J., Arango, J., Chirinda, N., Chacon, M., et al.
(2017). Challenges and Opportunities for the Development of the Livestock
NAMA in Colombia and Costa Rica. CCAFS Info Note. Wageningen:
CGIAR Research Program on Climate Change, Agriculture and Food Security
(CCAFS). Available online at: https://hdl.handle.net/10568/81300 (accessed
October 15, 2019).
Servicio de Información Agroalimentaria y Pesquera (SIAP) (2019). Bovino
carne y leche - producción ganadera 2006-2015. Ciudad de México, México:
Secretaría de Agricultura, Ganadería, Desarrollo Rural, Pesca y Alimentación.
Available online at: https://www.gob.mx/cms/uploads/attachment/file/165997/
bovino.pdf (accessed November 14, 2019).
Singh, C., Dorward, P., and Osbahr, H. (2016). Developing a holistic approach
to the analysis of farmer decision-making: Implications for adaptation
policy and practice in developing countries. Land Use Policy 59, 329–343.
doi: 10.1016/j.landusepol.2016.06.041
Sistema Nacional de Respuesta al Cambio Climático y Variabilidad (SNRCC)
(2018). Avances en la implementación de la Política Nacional de Cambio
Climático de Uruguay y programación de la NDC. Available online at: https://
www.latincarbon.com/sites/default/files/2018/Workshop%204.pdf (accessed
November 14, 2019).
Soteriades, A. D., Gonzalez-Mejia, A. M., Styles, D., Foskolos, A., Moorby, J.
M., and Gibbons, J. M. (2018). Effects of high-sugar grasses and improved
manure management on the environmental footprint of milk production at
the farm level. J. Cleaner Product. 202, 1241–1252. doi: 10.1016/j.jclepro.2018.
08.206
Stewart, E. K., Beauchemin, K. A., Dai, X., MacAdam, J. W., Christensen, R. G.,
and Villalba, J. J. (2019). Effect of tannin-containing hays on enteric methane
emissions and nitrogen partitioning in beef cattle. J. Anim. Sci. 97, 3286–3299.
doi: 10.1093/jas/skz206
Frontiers in Sustainable Food Systems | www.frontiersin.org 8 May 2020 | Volume 4 | Article 65
Arango et al. Livestock Sector of Latin America
Stuart, D., Schewe, R. L., and McDermott, M. (2014). Reducing nitrogen fertilizer
application as a climate change mitigation strategy: understanding farmer
decision-making and potential barriers to change in the US. Land Use Policy
36, 210–218. doi: 10.1016/j.landusepol.2013.08.011
UNFCCC (2016). First Revision of Its Nationally Determined Contribution,
Republic of Argentina. Available online at: https://www4.unfccc.int/sites/
ndcstaging/PublishedDocuments/Argentina%20First/Traducci%C3%B3n
%20NDC_Argentina.pdf (accessed November 14, 2019).
Valencia-Salazar, S. S., Piñeiro-Vázquez, A. T., Molina-Botero, I. C., Lazos-
Balbuena, F. J., Uuh-Narváez, J. J., Segura-Campos, M. R., et al. (2018).
Potential of Samanea saman pod meal for enteric methane mitigation in
in crossbred heifers fed low-quality tropical grass. Agric. For. Meteorol. 258,
108–116. doi: 10.1016/j.agrformet.2017.12.262
Van Wesemael, D., Vandaele, L., Ampe, B., Cattrysse, H., Duval, S., Kindermann,
M., et al. (2019). Reducing enteric methane emissions from dairy cattle:
Two ways to supplement 3-nitrooxypropanol. J. Dairy Sci. 102, 1780–1787.
doi: 10.3168/jds.2018-14534
Veneman, J. B., Muetzel, S., Hart, K. J., Faulkner, C. L., Moorby, J. M., Perdok,
H. B., et al. (2015). Does dietary mitigation of enteric methane production
affect rumen function and animal productivity in dairy cows? PLoS ONE
10:e0140282. doi: 10.1371/journal.pone.0140282
Zhang, Y. W., McCarl, B. A., and Jones, J. P. H. (2017). An overview of mitigation
and adaptation needsand strategies for the livestock sector. Climate 5:95.
doi: 10.3390/cli5040095
Conflict of Interest: CT was employed by the company Clima Soluciones
S.A.S., which is a consultancy firm that was hired by CIAT to collect and revise
information regarding NDC commitments by Latin American countries that was
then included in the paper.
The remaining authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential
conflict of interest.
Copyright © 2020 Arango, Ruden, Martinez-Baron, Loboguerrero, Berndt, Chacón,
Torres, Oyhantcabal, Gomez, Ricci, Ku-Vera, Burkart, Moorby and Chirinda. This
is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.
Frontiers in Sustainable Food Systems | www.frontiersin.org 9 May 2020 | Volume 4 | Article 65
